We present a new coordinate-space model of spherically averaged exchange-hole functions in inhomogeneous systems that depends on local values of the density and its gradient and Laplacian, and also the kinetic energy density. Our model is completely nonempirical, incorporates the uniform-density electron gas and hydrogenic atom limits, and yields the proper 1lr asymptotic exchange potential in finite systems. Comparisons of model exchange energies, holes, and potentials with exact Hartree-Fock results in selected atoms are very encouraging.
I. INTRODUCTION
The Hartree-Fock approximation is the foundation of theoretical atomic, molecular, and solid-state physics. Unfortunately, its most interesting feature, the HartreeFock exchange energy, is rather unwieldy from a computational point of view. Consequently, a long history of simple approximations to the Hartree-Fock exchange energy has developed, beginning with the early work of Dirac' and Slater, and progressing to current efforts (see, for example, Ref. 3 and references therein) in the framework of the so-called "density-functional" theory.
Reasonably accurate exchange approximations depending only on local properties of a system are desirable, and the simplest such approximation is the well-known and popular "local-density" (or, more precisely, local spin density) approximation, hereafter referred to as the LDA. The LDA is based on a model of the exchange or Fermi "hole" function inspired by the uniform-density electron gas. Though the LDA works surprisingly well overall, it has recently been emphasized by Sahni et al. and by Ziegler and Tschinke that the uniform gas model fails to reproduce, even qualitatively, important features of exact spherically averaged exchange holes in atomic systems.
Corrections to the uniform gas model have been proposed by the present author, by Perdew, and We are here concerned with exchange holes and exchange energies only, and wi11 consider variational self-consistency in future work.
The exchange hole in the important special case of the uniform-density or "homogeneous" electron gas is spherically symmetric and reference point independent and is given by p, (1, 2)= g tt,*(1)Q;(2), (3) j, (kFs) p"' (s) =9p (kFs) ( 1 la The present model, given its hydrogenic roots, does not yield the exact LDA exchange potential, Eq. (12a), in the homogeneous limit. Rather, the correct p' functional dependence is attained, but with a coefficient 2.6% too small. The problem is graphically illustrated in Fig. 1(a Fig. 1(b) , and we note even visually a slight improvement with respect to the original y'=1 model of Fig. 1(a) . This adjustment of y in effect compensates for shape deficiencies of our hydrogenic model in the homogeneous limit, while sacrificing some accuracy at short range (i.e., in the Taylor expansion near the reference point). Detailed graphical analyses in Sec. V indicate, however, that a reasonable compromise has been achieved.
Notice, also, that y adjustment has no effect on hydrogenic systems, nor any system locally dominated by the spin-orbital of a single electron (i.e. , localized spin pairs), thanks to the fact that the function D of Eq. Fig. 2(c) as well. Also notable in Fig. 3 
